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1. Introduction

ABSTRACT

Objective: To evaluate the hazardous effects of fried potato chips upon the retina of two
developmental stages of the albino rats aged 7 and 14 days from parturition. Methods: Pregnant
rats were arranged into two groups: control pregnant rats and consequently their delivered
newborns until reaching 7 and 14 days old from parturition and fried potato chips group in which
pregnant rats at the 6th day of gestation maintained on diet formed of fried potato chips supplied
from the market mixed with standard diet at a concentration of 50% per each till 7 and 14 post—
partum. Three fold integrated approaches were adopted, namely, histological, ultrastructural and
proteomic analysis. Results: Histological examination of the retina of the experimental offsprings
revealed many histopathological changes, including massive degeneration, vacuolization and cell
loss in the ganglion cell layer, as well as general reduction in retinal size. At the ultrastructural
level, the retina of experimental offsprings exhibited number of deformities, including ill
differentiated and degenerated nuclear layer, malformed and vacuolated pigment epithelium
with vesiculated and fragmented rough endoplasmic reticulum, degenerated outer segment of
photoreceptors, as well as swollen choriocapillaris and loss of neuronal cells. Proteomic analysis
of retina of the two experimental developmental stages showed variations in the expressed
proteins as a result of intoxication which illustrated the adverse toxic effects of fried potato chips
upon the retina. Conclusions: It can be concluded that the effect of fried potato chips on the
development of retina in rats may be due to the presence of acrylamide or its metabolite.

system in both animals[11.12] and humanslI5] following
absorption via dermal, oral or respiratory routes. Restricted

Potato chips are common parts of children’s menus in fast
food restaurants all over the world and these familiar foods
are reported to contain high levels of toxic and carcinogenic
byproducts which are not found in the uncooked foodsi!-31.
Among these components are acrylamide (ACR). High levels
of ACR were unexpectedly detected in widely consumed
food items, notably potato chips and breadi4l. Tareke et
all5! demonstrated high levels of ACR in heat—processed
commercial foods and in foods cooked at temperatures,
especially in carbohydrate—rich foods.

It has been reported that ACR induced varieties of
neurotoxicities[6-8] and it has been suggested that ACR
manifested toxicity principally toward growth and
developmentl9.10l. Moreover, ACR may affect the visual
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red and green colors visual field, and hypertensive
retinopathy were observed in an Ttalian road tunnel worker
exposed to ACR containing grouts for 3 months during work
until shortly prior to a health examinationlsl. The effects
persisted for 4 months after the first examination, although
white color visual field was normal after 20 days. No group
studies have later addressed such ACR-related effects in
humans.

Neuropathologic studies have described axonal swelling
and later degeneration in the more central optic tract,
lateral geniculate nucleus and superior colliculus of
ACR-intoxicated animals(13]. Vidyasagarl(14] has reported
that X-like cells in the lateral geniculate nucleus of
the rat are especially susceptible to inactivation in
acute ACR poisoning. Other visual effects of ACR such
as altered evoked responses in ratsl!5] and impaired
vision in humans(13] may have a similar basis. Wild and
Kulikowskil16] reported selective disrupted X-like cells
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in the lateral geniculate nucleus of rats treated with
ACR. The diameter of the optic tract fibers of all sizes is
affected by ACR intoxication.Following a herd of cattle was
accidentally exposed to ACR and N—methyloacrylamide,
Godin et ali3] found abnormal papillary light reflexes in
one cow. Ophthamoscopic examination showed progressive
retinal degeneration and degenerative changes in the optic
nerves head. Light and electronic microscopic examination
revealed pathologic changes in the retina and optic nerves
consistent with chronic stages of ACR—toxicity. The present
study aimed therefore to study the development of retina of
postnatal young rats aged 7 and 14 days maternally fed on
fried potato chips using two approaches: firstly, light and
transmission electron microscopy and secondly, SD—SPAGE
for the developing retina of the same stages.

2. Materials and methods
2.1. Animals, housing and treatment

Thirty fertile virgin females and ten fertile males of albino
rats (Rattus norvegius) weighing (100=5) g were obtained from
Hellwan Animal Breeding Farm, Ministry of Health, Cairo,
Egypt and used for experimentation. Rats were housed
in individual cages and maintained in a room with good
ventilation at 23 “C. The housing room was maintained on a
12:12 h light: dark cycle. Standard rodent diet composed of
20% casein, 15% corn oil, 55% corn starch, 5% salt mixture
and 5% vitaminzed starch (Egyptian Company of Oils and
Soap Kafr—Elzayat Egypt) was supplied. Free excess of
water was provided ad libitum. All the experiments were
done in compliance with the Guide for the Care and Use
of Laboratory animals. Females were made pregnant by
keeping them at a ratio of 1 male: 3 females with healthy
fertile males for 12 hour between 8 pm till 8 am. During the
next morning, the prospective pregnants were examined for
the presence of vaginal plugs. Vaginal smears were carried
out to give a precise determination of the onset of gestation.

The pregnant rats were arranged into two groups, each was
composed of 15 individuals as follows: control pregnant rats
and consequently their delivered newborns until reaching
7 and 14 days old from parturition, fried potato chips group
in which the pregnant rats at the 6th day of gestation
maintained on diet formed of fried potato chips supplied
from the market mixed with standard diet at a concentration
of 50% per each till 7 and 14 days post—partum.

2.2. Light microscopic examination

The retina of postnatal animals aged 7 and 14 days from
parturition of both control and experimental mothers were
separated, and immediately fixed in 10% neutral buffered
formalin. The specimens were dehydrated in ascending
grades of ethyl alcohol, cleared in xylol and mounted
in molten paraplast at 58—62 C. 5 pm serial histological
sections were cul, stained with Harris hematoxylin, counter
stained with eosin and observed under bright field Leitz
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microscope.
2.3. Transmission electron microscopic (TEM ) examination

The retina at 7 and 14 days of both control and
experimental groups were separated and immediately fixed
in 2.5% glutaraldehyde and 2% paraformaldhyde in 0.1 M
cacodylate buffer (pH 7.4). After rinsing in 0.1 M cacodylate
buffer, samples were post fixed in a buffered solution of
1% osmium tetraoxide at 4 C for 1.5 h. This was followed
by dehydration in ascending grades of ethyl alcohol and
embedded in epoxy—resin(8l. Ultrathin sections were cut with
a glass knife on a LKB microtome and mounted on formvar—
coated grids, stained with uranyl acetate and lead citrate and
finally examined at Joel transmission electron microscope.

2.4. Sodium dodecyl polyacrylamides gel electrophoresis
(SDS-PAGE)

A set of four individuals of both control and experimental
groups were sacrificed at the end of the treatment and
biopsies of retina were taking and processed for SDS—PAGE.
Electrophoresis was carried out with constant volt at 200v.
The separated proteins on polyacrylamides gel were stained
with coomassie blue R—250117].

3. Results
3.1. Histological examination

Light microscopic examination of retina of 7 days old
offsprings of control mothers showed that the retina at
this developmental stage is composed of four definite cell
layers, namely, nuclear, inner plexiform, ganglion layer
and pigment epithelial cell layer. The outer plexiform layer
appeared, separating the inner from the outer nuclear layer.
Internally adjacent to the vitreous humor, the nerve fiber
layer attained highly organization and possessed newly
formed blood capillaries (Figure 1A). However, in offsprings
maternally fed on diet containing fried potato chips, a thin
outer plexiform layer was developed and both inner and
outer nuclear layers showed some degree of differentiation.
The photoreceptor layer showed abundant spread of vacuoles
(Figure 1B).

The retina of 14 days old offsprings of control mothers is
composed of eight cell layers and two limiting membranes
arranged from the choroid to the vitreal side as follows:
cubical pigmented epithelium, rod and cone cell layers,
outer nuclear cell layer, outer plexiform layer, inner nuclear
layer, inner plexiform layer, ganglion cell layer, nerve fiber
layer (Figure 2A). On the other hand, in young rats fed on
fried potatoes chips, the retinal histopathology possessed
massive degeneration, vacuolization and cell loss in the
ganglionic layer. Moreover, the retina was comparatively
reduced with detected massive vacillation and degeneration
of nerve fiber and thinning of ganglion cell layer. The outer
plexiform layer was distorted in investigated specimens.
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Both outer and inner nuclear cell layer showed numerical
increase of pyknotic nuclei (Figure 2B). 3.2. TEM results
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Figure 1. Light microscopic examination of retina of 7 days old rats.

A: control retina showing normal differentiation of retinal cell layers including inner limiting membrane (ILM), nerve fiber layer (NFL),
ganglionic cell layer (GCL), thick inner plexiform layer (IPL), inner nuclear layer (INL), thin outer plexiform layer (OPL), outer nuclear layer (ONL),
photoreceptor cell layer (Ph) and pigmented epithelium (PE); B: experimental retina showing ill differentiated of nuclear layer associated with
massive decrease of nuclear cells. H&E stain ()X 250).

A B

Figure 2. Light microscopic examination of retina of 14 days old rats.
A: control retina showing normal differentiation pattern of retinal cell layers including inner limiting membrane (ILM), nerve fiber layer
(NFL), ganglionic cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL),
photoreceptor cell layer (Ph) and pigmented epithelium (PE); B: experimental retina showing retina with ill-differentiated outer plexiform
layer and loss of neuronal cells. H&E stain (< 250).
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TEM examination of retina of 7 days old offsprings of
control mothers revealed that the pigment epithelium
consists of a single layer of cubical cells with branched
microvilli. They contain large oval-shaped nuclei located
at the base of the cell. The nuclei contain a remarkable
abundant euchromatin except for fine occasional clumping
of the chromatin about the nuclear edges. The basal surface
of the pigment epithelial cell rests on a prominent basement
membrane adjacent to Burch’s membrane, which separates
the pigment epithelial cell from the vascular choroid
tissue. Burch’s membrane appears as an irregular band of
relatively low density containing a few loosely arranged
fibers exhibiting the banding of collagen. Highly organized
more homogeneous lamina is usually seen in the middle of
Burch’s membrane. Precursor of electron—dense granules
semi—like lysosome was detected sparsely distributed in the
apical cytoplasmic margin of pigmented cells. Mitochondria
attained marked differentiation as the ribosomes and smooth
endoplasmic reticulum. Inner segment of photoreceptor
made their first appearance and the outer segment was still
undifferentiated. Numerous blood capillaries were detected
within the nerve fiber layer and consisted of endothelial and
mural cells, separated from one another by extra cellular
spaces which were often enclosed by basement membrane
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lamellae. The capillary walls are surrounded by an outer
basement membrane, which is completely unsheathed in
a glial tunnel composed of the processes of Miller cells.
(Figure 3).

The retina of offsprings maternally fed on fried potato
chips possessed altered pigment epithelium characterized
by increased accumulation of heterochromatin at the
nuclear envelop. The cytoplasm enclosed by vacuoles of
different sizes. Numerous electron—dense particles were
dispersed within the cytoplasm. There was a considerable
folding of the basal lamina of pigmented epithelium. The
choriocapillaris were disturbed and lacked regular structural
pattern of blood vessel. Different phases of degeneration
were detected within the retinal cell layers including both
the nuclear cell layers and ganglion cells. These included
pyknosis, nuclear convolution and karyolysis of the nuclei of
many of the cells (Figure 4).

TEM examination of retina of 14 days old offsprings of
control mothers revealed that the pigment epithelium of
retina attained a considerable development compared with
the previous stage. Underlying the basement membrane of
the pigment epithelium is firmly attached to the Burch’s
membrane with more differentiated choriocapillaris lined by
flattened endothelial cells. While it’s inner aspect has a
rather fragile attachment to the rods and cones of the retina

Figure 3. Transmission electron micrographs of control retina of 7 days old offspring rats.

A: showing retinal pigmented epithelial cells with underlying basement membrane. The cytoplasm is rich in mitochondria, ribosomes and smooth

endoplasmic reticulum. The apical part is characterized by radial arranged microvilli adjacent to macrophagosome and newly formed inner

segment of photoreceptors (X 75 00).

B: showing branched microvilli (MV) of pigmented epithelium, phagosome and newly formed inner segment of photoreceptors (>< 13 000).
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Figure 4. Transmission electron micrographs of experimental retina
of 7 day old rats.

A&B: showing malformed pigment cell. Their cytoplasm enclosed
by numerous vacuoles (V) and phagosomes. Inner segment appears
degenerated in many of them.

C: showing massive degeneration of nuclear cells building nuclear
layer. The nuclear cells appeared with convoluted and pyknotic
nuclei (PN) and electron—dense chromatin material (A&B X 13 000;
C X7 500).

by means of cilia-like microvilli. The nuclei become spindle
shaped with thin peripheral arrangement of chromatin and
widespread of euchromatin. The cytoplasm is rich with
cytoplasmic organelles. The mitochondria of these cells are
typical, and their cristae often extending completely across
their width. The mitochondria have a very characteristic
distribution, being found primarily just below the edge of
the convoluted basal margin and along the lateral boundaries
of the cell. Throughout the bulk of the pigment epithelial

cytoplasm, many particles with the density and dimensions of
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ribosomes are detected. The photoreceptor of outer segments
is interdigitated with microvilli of the pigment epithelium.
The rod proper is composed of a slender inner segment filled
with mitochondria, ribosomes and rosette—shaped glycogen
particles. The mitochondria in the rod inner segments
appear arranged in a circular pattern adjoining the plasma
membrane and extending along the whole length of the inner
segment. The cone proper has an inner (ellipsoid) segment
with numerous mitochondria. The outer segment is wider
near its inner portion than the corresponding area in the rod.
Above the outer limiting membrane, the outer nuclear cell
layers, is the layer formed by the closely packed nuclei of
the photoreceptors, rods and cones. The nuclei of
photoreceptors are characterized by their unique rosette
shaped dense heterochromatin. The inner plexiform layer
formed of a layer of synapses of the cells bipolar layer with
the next ganglion cell layers. The inner plexiform separated
the inner nuclear layer from inward ganglion, nerve fiber
and inner limiting membrane. The ganglion cells are
disposed, together with some few neuralgia cells. Ganglion
cells are larger on average than most of the preceding retinal
interneuron, but they are not all of the same size. Nuclei are
relatively large euchromatin and contained prominent
nucleoli. The ganglion cells have relative abundance of
cytoplasm that contains rough endoplasmic reticulum
grouped in masses. Other prominent organelles can be
distinguished such as mitochondria, Golgi apparatus and
lysosome. Dendrite cell processes make synaptic junctions
with bipolar neurons and amacrine cells in the inner
plexiform layer. The layer of nerve fibers consists of the
axons of ganglion cells running parallel to the inner surface
of the retina (Figure 5).

The pigmented epithelium of the experimental
group exhibited the following features: electron—dense
heterochromatin material, reduced mitochondria,
cytoplasmic vacuolation, electron—dense lysosomes,
vesiculated, rough endoplasmic reticulum, thickened
basement membrane, swollen blood capillaries, deteriorated
Microvilli, as well as degenerated photophores of the outer
segments (Figure 6&7).
r  E T

Figure 5. Transmission electron micrographs of control retina of 14
days old rat.

A: showing pigmented epithelial cells having cytoplasm rich in
mitochondria (M), smooth endoplasmic reticulum (SER), free ribosomes
with the base showing well development basement (BM) and brush
membrane (BrM); B: showing outer segment (0S) of photoreceptors with
regular arrangement of stacked membranes ( A&B X7 500).

3.3. Proteomic (SDS—-PAGE) analysis of retina

Total protein bands concentrations and identifications are
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illustrated in Tables 1&2 and Figure 8. After fractionation
by polyacrylamide gel electrophoresis marked differences
in pattern were observed between experimental and control
groups.

Figure 7. Transmission electron micrographs of experimental
retina of 14 days old rats showing degeneration of outer segment of
photoreceptors. The stacked membrane loosely separated from each
other( X 13 000).

K.Da M C FP C FP

Figure 8. SDS—-PAGE of retina of 7 and 14 days old offspring rats of
both control and maternally treated with fried potatoes chips.
M: Marker; C: control; FP: fried potato chips.

Table 1
Protein bands densities and identifications of SDS—PAGE of retina of 7
days old offsprings of both control and experimental mothers.
Marker (kDa) Control (kDa) Experimental (kDa)

200.00 311.77 263.45

- 226.06 209.40

- 147.25 118.85

- 111.79 105.15

97.40 87.98 94.15

- 75.79 80.02

= - 70.35

Figure 6. Transmission electron micrographs of experimental retina of 68.00 60.64 56.41

14 days old rats. _ 4736 45.67
A&B: showing pigmented epithelium with vacuolated cytoplasm, ’ ’

vesiculated rough endoplasmic reticulum and fragmented rough - - 43.52

endoplasmic reticulum. The choriocapillaris appear swollen. 43.00 41.40 38.86

C: showing degenerated outer segment of photoreceptors (A&B < 13 000; _ 30.54 28.31

C <20 000). — - 19.36
l?r(:.)teor.nlc analysis of (:.experlmental retina showed 18.40 7.0 _
variations in expressed proteins. Therefore, at 7 and 14 days _ e _

old rats maternally fed on fried potatoes chips, there was
lacked expression of protein or expression of new stressed
proteins as a result of intoxication which illustrates the
adverse toxic effects.



Hassan I El-Sayyad et al./Asian Pac J Trop Biomed 2011; 1(4): 253-260

Table 2
Protein bands densities and identifications of SDS—PAGE of retina of
14 days old offspring of both control and experimental mothers.

Marker (kDa) Control (kDa) Experimental (kDa)

200.00 347.03 240.33
= 297.77 209.40

= 244.04 115.26

= 132.29 100.43
97.40 96.74 92.89
= 91.02 80.56

= 86.21 69.87
68.00 74.27 55.39
= 58.84 51.22

= 47.64 43.26
43.00 41.40 35.56
= 28.67 25.91

- 20.36 21.97
18.40 14.43 18.00

4. Discussion

The present results revealed that eye is sensitive to the
cytotoxicity of feeding on fried potatoes chips during breast—
feeding young milk after parturition. The disease causes
drastic alterations in retina of 7 and 14 days offsprings. The
retinal pigment epithelium exhibited massive pathological
alterations. Earlier at parturition, there was a numerical
reduction of pigmented neurons associated with apparent
damage degeneration of undifferentiated nuclear, ganglion
and nerve fiber cell layers. The partial loss of retinal
cell neurons proceeded in the next rat ages, being with
characteristic with a considerable atrophy of mitochondria,
vesiculation of agranular endoplasmic reticulum and
distortion of cytoplasm as a result of presence of large
vacuoles causing a loss of its pattern structure of microvilli.
These were associated with massive degeneration of
photoreceptor inner segment at seven—days old rats and
much more loss of both outer and inner photoreceptor
segment at fourteen—days old rats. The outer segment
showed internal vacuolation with marked loss of the stacked
membranes. Besides, the posterior pole of pigment cell
possessed abnormal cytological feature of bruch’s membrane
in the form of thickened electron—dense heavy concentration
of an amorphous dense fibers and clumped material causing
obliteration and degeneration of choriocapillaris. Besides,
the blood capillaries appeared swollen with massive
degeneration of both pigment cells and choriocapillaris.

The obtained findings may be attributed to the presence
of ACRI4l. Reports from laboratory studies have provided
insight into the biochemical mechanism of acrylamide (ACR)
formation. As a neurotoxic chemical, ACR can be generated
during the heating of specific foodstuffs as a result of
Millard reaction between amino acids and sugarsis.19]. In
particular, ACR is formed when the amino acid asparagine
in the presence of sugar is heated above 100 ‘C. Potatoes and
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cereals which had the highest measured levels of ACR in the
Swedish NFA survey were found to be rich in asparaginel2ol.

ACR was reported to be a neurotoxic agent. LoPachin et
all21] reported that the cumulative neurotoxicity produced by
ACR exposure was linked to nerve terminal damage in the
central nervous system (CNS) and peripheral nervous system
(PNS). At the molecular level, this presynaptic toxicity
appears to be mediated by the formation of sulfhydryl
adducts on the cysteine residues of many proteinsi22l.
Quantitative (gas chromatography/mass spectrometry)
analyses of whole—brain synaptosomes isolated from ACR-
intoxicated rats revealed an accumulation of the cysteine
adduct, S—(2—carboxyethyl)-cysteine (CEC) that was
closely correlated to the development of neurotoxicityl2sl.
Although the molecular mechanism of this presumed ACR
effect is unknown, membrane fusion processes such as
neurotransmission are highly sensitive to inhibition by
sulfhydryl alkylationl2sl.

Early morphological studies suggested that ACR
neurotoxicity was mediated by nerve damage classified
as a central—peripheral distal axonopathyll. However,
other contemporary researches demonstrated that ACR can
produce neurological toxicity in the absence of axonopathy,
whereas equivalent neurotoxicity can be induced by
intoxication over a wide range of daily dose—rates (e.g. 10-50
mg/kg per day for 28 days), axon degeneration in PNS and CNS
occurred only during long—term exposure to lower ACR dose—
rates (e.g. 21 mg/kg per day for 42 days)lsl. The dissociation
between neurological dysfunction and the presumed
underlying morphological lesion suggests that axonopathy
might not be importantly involved in the pathophysiological
process leading to ACR neurotoxicity. Nerve terminals have
been suggested as an alternative site of ACR action based
on early structural and functional changes as in PNS and
CNSl21].

ACR interferes with axonal retrograde transport
mechanisms essential for the survival of the axon. Completed
morphological studieslsl using a contemporary amino—cupric
silver staining method to detect degenerating neurons and
their processes indicated that intoxication at a higher ACR
dose—rate produced selective, widespread degeneration
of nerve terminals in rat brain and spinal cord regions.
Intoxication at a lower dose rate was associated with initial
nerve terminal degeneration followed later by pre—terminal
axon degeneration. These findings are consistent with other
evidences suggesting that, regardless of dose-rate, nerve
terminal degeneration was an initial consequence of ACR
intoxication in both CNS[26] and PNS27l. Experimental ACR—
intoxication in micel2s] and rat/29] was found to produce a
pronounced neuropathy characterized by flaccid paralysis
and ataxia. The histopathological alterations characterized
by eccentrically placed nuclei, folding of the nuclear
membrane, accumulations of dense bodies, and clusters of
smooth endoplasmic reticulum associated with numerous
microtubules in cerebellar Purkinje cells that may contribute
to the pronounced ataxia in these animals.

The obtained findings may be attributed to the increased
level of ACR in the blood of treated mothers as well as in
the umbilical cord blood of neonates as a result of its higher
affinity of forming N—terminal haemoglobin adducts. In
view of the shorter life span of neonatal erythrocytes and the
lower body weight of newborn infants, the relative internal
dose of ACR adducts in neonates (in microgrammes per kg.
body weight) must be assumed to be at least equal to that of
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the mother. Because of the high cell-replication rates during
foetus development, trans—placental exposure of neonates to
ACR might raise concerns|3ol.

ACR neurotoxicity may be attributed to its higher affinity
to form adducts with glutathione, proteins, and DNA directly
or after metabolized to its epoxide, glycidamide (2, 3—epoxy—
1-propanamide). Glycidamide was found to pass through
placenta and distributed in fetal tissues and also pass
through mother’s milk during lactationis1l. Abou—Donia
et all®l reported that brain stem of glycimide—treated rats
exhibited axonal degeneration with chromatolytic necrosis
in midbrain medial and lateral reticular nuclei.

The obtained retina alterations may also be attributed to
oxidative stress induced by acrylamide. In this concern,
Zhu et all reported that ACR—induced neurotoxicity may
be associated with the enhancement of lipid peroxidation
and reduction of the antioxidative capacity. Allam et all3
reported that prenatal and perinatal acrylamide disrupts the
biochemical machinery, causes oxidative stress and induces
structural changes in the developing rat cerebellum. It is
concluded that fried potato chips affected the developing
retina in rats and this may be due to the presence of
acrylamide or its metabolite.
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